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HIIHFWLYHGHQVLW\FDQEHHLWKHUKLJKHURUORZHUWKDQWKHUHDO
OLTXLGGHQVLW\7KLVPHDQVWKDWWKHUHVRQDQFHIUHTXHQF\RI
DQDWWDFKHGEXEEOHFDQEHUHVSHFWLYHO\ORZHURUKLJKHUWKDQ
WKH UHVRQDQFH IUHTXHQF\ RI WKH VDPH EXEEOH LQ DQ
XQERXQGHGOLTXLG
,QWKH OLPLWLQJFDVHRID ULJLGZDOOȕĺİ DQG
(TJLYHVĲ )RU UHDOZDOOVYDOXHVRI Ĳ DUH
VPDOOHU $V DQ H[DPSOH OHW XV FRQVLGHU WKH ZDOO RI DQ
2SWL&HOO FKDPEHU 6XFK FKDPEHUV DUH ZLGHO\ XVHG LQ
H[SHULPHQWV RQ FRQWUDVW DJHQW PLFUREXEEOHV >@
2SWL&HOO FKDPEHUV KDYH SRO\VW\UHQH ZDOOV ZLWK WKH
IROORZLQJ PHFKDQLFDO SDUDPHWHUV ȡ:    NJP Ȁ  
*3DDQG *3D ,Q WKHFDVH WKDW WKHDGMDFHQW
OLTXLGLVZDWHUZLWKȡ/ NJPRQHJHWVĲ 
'LIIHUHQFHVLQWKHEHKDYLRURIDFRQWUDVWDJHQWPLFUREXEEOH
DWWDFKHGWRDULJLGZDOODQGWKDWRIWKHVDPHEXEEOHDWWDFKHG
WRDQ2SWL&HOOZDOODUHLOOXVWUDWHGLQ)LJ7KHVLPXODWLRQV
KDYH EHHQ FDUULHG RXW E\ PHDQV RI WKH SURJUDP SDFNDJH
0$7+(0$7,&$ :ROIUDP 5HVHDUFK ,QF &KDPSDLJQ
,/7KH IROORZLQJYDOXHVRI WKHSK\VLFDOSDUDPHWHUVZHUH
XVHG3 N3DȘ/ 3DÂVWKHVXUIDFHWHQVLRQRI
ZDWHUı/ 1PWKHVRXQGVSHHGF PVDQGȖ
 7KHHIIHFWRIHQFDSVXODWLRQRQWKHG\QDPLFVRIWKH
EXEEOH ZDV VLPXODWHG E\ WKH VKHOO PRGHO GHYHORSHG E\
0DUPRWWDQW HW DO >@ $ PRGLILFDWLRQ RI WKLV PRGHO
SURSRVHGE\2YHUYHOGHHWDO>@ZDVXVHG7KHYDOXHVRI
WKH VKHOO SDUDPHWHUV IRU WKH0DUPRWWDQWPRGHO ZHUH DOVR
DGRSWHGIURP>@VKHOOYLVFRVLW\ț6 îNJVVKHOO
HODVWLFLW\ Ȥ   1P DQG LQLWLDO VXUIDFH WHQVLRQ ı5  
 1P 7KHVH YDOXHV ZHUH REWDLQHG LQ >@ IRU WKH
SKRVSKROLSLGVKHOOHG FRQWUDVW DJHQW %5 7KH
HTXLOLEULXPJDVSUHVVXUHLQ(TZDVFDOFXODWHGDV3* 
3ı557KHEXEEOHUHVWLQJUDGLXVZDVVHWHTXDOWR
P7KH EXEEOHZDV LQVRQLILHGZLWK D F\FOH  N3D
*DXVVLDQSXOVHZLWKDFHQWHU IUHTXHQF\ LQ WKHUDQJH±
0+] 7KH SDUDPHWHUV RI WKH SXOVH FRUUHVSRQG WR WKH
FRQGLWLRQV XQGHUZKLFK WKH YDOXHV RI WKH VKHOO SDUDPHWHUV
ZHUHHYDOXDWHGLQ>@


)LJXUH5HVRQDQFHFXUYHVIRUDWKHUDGLDORVFLOODWLRQDQG
EWKHVFDWWHUHGSUHVVXUHRIDQHQFDSVXODWHGPLFUREXEEOH
RVFLOODWLQJLQDQXQERXQGHGOLTXLGGDVKHGOLQHLQFRQWDFW
ZLWKDULJLGZDOODQGLQFRQWDFWZLWKDQ2SWL&HOOZDOO
)LJXUHD VKRZV UHVRQDQFH FXUYHV IRU WKH EXEEOH
UDGLDO RVFLOODWLRQ5PD[ GHQRWHV WKHPD[LPXPYDOXH RI WKH
EXEEOH UDGLXV5W GXULQJ WKH RVFLOODWLRQ 7KH GDVKHG OLQH
FRUUHVSRQGV WR WKH EXEEOH LQ DQ XQERXQGHG OLTXLG
)LJXUHE VKRZV UHVRQDQFH FXUYHV IRU WKH VFDWWHUHG
SUHVVXUHRIWKHEXEEOHLQWKHIDUILHOG]RQH3PD[VWDQGVIRU
WKH SHDNDPSOLWXGH RI WKH VFDWWHUHG SUHVVXUH FDOFXODWHG E\
(T DW U  P$V RQH FDQ VHH LQ)LJ FRQWDFW
ZLWKWKHULJLGZDOOGHFUHDVHVWKHUHVRQDQFHIUHTXHQF\RIWKH
EXEEOH DV FRPSDUHG WR LWV UHVRQDQFH IUHTXHQF\ LQ DQ
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XQERXQGHG OLTXLGZKHUHDV FRQWDFWZLWK WKH2SWL&HOOZDOO
LQFUHDVHV WKH UHVRQDQFH IUHTXHQF\ RI WKH EXEEOH 7KH
EXEEOHRVFLOODWLRQDPSOLWXGHFDQHLWKHUGHFUHDVHRULQFUHDVH
GHSHQGLQJ RQ WKH YDOXH RI WKH GULYLQJ IUHTXHQF\
)LJXUHDVKRZVWKDWWKHUHVRQDQFHIUHTXHQF\RIDP
UDGLXVEXEEOHZLWKWKH0DUPRWWDQWVKHOOLVDERXW0+]
LQDQXQERXQGHGOLTXLG,IWKHEXEEOHLVGULYHQDWVD\
0+] FRQWDFW ZLWK WKH ULJLG ZDOO ZLOO LQFUHDVH WKH
RVFLOODWLRQ DPSOLWXGH RI WKH EXEEOH ZKHUHDV FRQWDFW ZLWK
WKH2SWL&HOOZDOOZLOOGHFUHDVHLW$W0+]WKHUHYHUVHLV
WUXH 7KHVH UHVXOWV VXJJHVW WKDW WKHPRGHO RI D ULJLGZDOO
DSSHDUV QRW WR EH DQ DGHTXDWH DSSUR[LPDWLRQ IRU ZDOOV
RFFXUULQJ LQ PRVW DSSOLFDWLRQV DVVRFLDWHG ZLWK FRQWUDVW
DJHQWPLFUREXEEOHV


)LJXUH([DPSOHVRIDUDGLXVWLPHDQGESUHVVXUHWLPH
FXUYHVIRUDPUDGLXVHQFDSVXODWHGEXEEOHRVFLOODWLQJLQ
DQXQERXQGHGOLTXLGDQGLQFRQWDFWZLWKDQ2SWL&HOOZDOO
)LJXUHSURYLGHVH[DPSOHVRIUDGLXVWLPHDQGSUHVVXUH
WLPHFXUYHVIRUWKHVDPHEXEEOHDVLQ)LJ,WLVDVVXPHG
WKDW WKH EXEEOH LV LQVRQLILHGZLWK D F\FOH  N3D 
0+] *DXVVLDQ SXOVH ,W LV RI LQWHUHVW WR QRWH WKDW WKH
³&RQWDFW´ FXUYH LQ )LJD VKRZV WKH LQLWLDWLRQ RI WKH
VHFRQGKDUPRQLFLQWKHEXEEOHRVFLOODWLRQ7KHQRQOLQHDULW\
RI(TLQFUHDVHVWKLVHIIHFWLQWKHVFDWWHUHGSUHVVXUHDV
IROORZV IURPWKH³&RQWDFW´FXUYHLQ)LJE7KH)RXULHU
VSHFWUD RI WKH SUHVVXUHWLPH FXUYHV VKRZQ LQ)LJE DUH
SUHVHQWHG LQ )LJ 7KH VSHFWUD DUH QRUPDOL]HG WR WKH
PDJQLWXGH RI WKH IXQGDPHQWDO FRPSRQHQW RI WKH VSHFWUXP
IRU WKH EXEEOH LQ FRQWDFWZLWK WKHZDOO )LJXUH FRQILUPV
WKDWLQWKHFDVHEHLQJFRQVLGHUHGFRQWDFWZLWKWKH2SWL&HOO
ZDOO JLYHV ULVH WR D VWURQJ VHFRQG KDUPRQLF ZKLFK HYHQ
SUHGRPLQDWHV RYHU WKH IXQGDPHQWDO FRPSRQHQW 7KLV
DSSDUHQWO\ RFFXUV EHFDXVH FRQWDFWZLWK WKHZDOO VKLIWV WKH
EXEEOH UHVRQDQFH IUHTXHQF\ VR WKDW LW EHFRPHV FORVHU WR
WZLFH WKH GULYLQJ IUHTXHQF\ DQG KHQFH PRUH IDYRUDEOH
FRQGLWLRQVIRUWKHGHYHORSPHQWRIWKHVHFRQGKDUPRQLFDUH
FUHDWHG
,W LVZRUWKQRWLQJ WKDW(TFDQEHXVHGHYHQ LI WKH
PHFKDQLFDOSURSHUWLHVRIDZDOODUHXQNQRZQ,QWKLVFDVH
WKHYDOXHRIĲFDQEHHYDOXDWHGE\ILWWLQJVLPXODWHGUDGLXV
WLPH FXUYHV WR H[SHULPHQWDO GDWD 6HWWLQJ ILUVW Ĳ    DQG
ILWWLQJ WKH H[SHULPHQWDO UDGLXVWLPH FXUYH RI D FRQWUDVW
EXEEOH EHLQJ IDU DZD\ IURP D ZDOO LQ TXHVWLRQ RQH FDQ
HYDOXDWH WKH VKHOO SDUDPHWHUV RI WKLV EXEEOH 7KHQ ILWWLQJ
WKH H[SHULPHQWDO UDGLXVWLPH FXUYH RI WKH VDPH EXEEOH
EHLQJ LQFRQWDFWZLWKWKHZDOORQHFDQ ILQG WKHYDOXHRI Ĳ
FKDUDFWHUL]LQJWKHPHFKDQLFDOSURSHUWLHVRIWKHZDOO


)LJXUH)RXULHUVSHFWUDRIWKHSUHVVXUHWLPHFXUYHVVKRZQ
LQ)LJE
 &RQFOXVLRQ
$ 5D\OHLJK3OHVVHWOLNH HTXDWLRQ KDV EHHQ GHULYHG WKDW
GHVFULEHV WKH UDGLDO RVFLOODWLRQ RI DQ HQFDSVXODWHG EXEEOH
DWWDFKHGWRDQHODVWLFZDOO,WKDVEHHQIRXQGWKDWWKHOLTXLG
GHQVLW\LQWKLVHTXDWLRQJDLQVDGLPHQVLRQOHVVIDFWRUĲ WKDW
LVGHSHQGHQWRQ WKHPHFKDQLFDOSURSHUWLHVRI WKHZDOODQG
WKHGHQVLW\RIWKHDGMDFHQWOLTXLG$VDUHVXOWFRQWDFWZLWK
WKH ZDOO DIIHFWV WKH EXEEOH RVFLOODWLRQ DV LI WKH EXEEOH
RVFLOODWHGLQDOLTXLGZLWKDQHIIHFWLYHGHQVLW\ȡHII Ĳȡ/,Q
WKHOLPLWLQJFDVHRIDULJLGZDOOĲ )RUUHDOZDOOV
ĲLVVPDOOHU,QSDUWLFXODUIRUSRO\VW\UHQHZDOOVRI2SWL&HOO
FKDPEHUV XVHG LQ H[SHULPHQWV LI WKH DGMDFHQW OLTXLG LV
ZDWHU Ĳ    7KXV GHSHQGLQJ RQ WKH ZDOO
SURSHUWLHV Ĳ FDQ EH HLWKHU ODUJHU RU VPDOOHU WKDQ  7KLV
PHDQV WKDW WKH HIIHFWLYH GHQVLW\ FDQ EH HLWKHU KLJKHU RU
ORZHU WKDQWKHUHDO OLTXLGGHQVLW\DQGKHQFH WKHUHVRQDQFH
IUHTXHQF\RIDQDWWDFKHGEXEEOHFDQEH UHVSHFWLYHO\ ORZHU
RUKLJKHUWKDQWKHUHVRQDQFHIUHTXHQF\RIWKHVDPHEXEEOH
LQDQXQERXQGHGOLTXLG
1XPHULFDOVLPXODWLRQVKDYHEHHQPDGHIRUDEXEEOHZLWK
VKHOO SURSHUWLHV VLPLODU WR WKRVH XVHG LQ WKH 0DUPRWWDQW
VKHOOPRGHO7KHVLPXODWLRQVKDYHVKRZQWKDWFRQWDFWZLWK
WKH ULJLG ZDOO GHFUHDVHV WKH UHVRQDQFH IUHTXHQF\ RI WKH
EXEEOH DV FRPSDUHG WR LWV UHVRQDQFH IUHTXHQF\ LQ DQ
XQERXQGHG OLTXLGZKHUHDV FRQWDFWZLWK WKH2SWL&HOOZDOO
LQFUHDVHVWKHUHVRQDQFHIUHTXHQF\RIWKHEXEEOH,WKDVDOVR
EHHQ IRXQG WKDW WKH RVFLOODWLRQ DPSOLWXGH RI WKH EXEEOH
DWWDFKHGWRWKH2SWL&HOOZDOOFDQHLWKHUGHFUHDVHRULQFUHDVH
GHSHQGLQJ RQ WKH YDOXH RI WKH GULYLQJ IUHTXHQF\ 7KH
VLPXODWLRQV DOVR UHYHDOHG WKDW FRQWDFW ZLWK WKH ZDOO FDQ
FRQVLGHUDEO\ FKDQJH WKH LQWHQVLWLHV RI WKH IXQGDPHQWDO
FRPSRQHQWDQGWKHVHFRQGKDUPRQLFLQWKHVSHFWUXPRIWKH
EXEEOH VFDWWHUHG SUHVVXUH UHODWLYHO\ WR WKHLUPDJQLWXGHV LQ
DQXQERXQGHGOLTXLG
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,Q FORVLQJ LW VKRXOG EH QRWHG WKDW WKH SURSRVHG WKHRU\
LJQRUHV WKH YLVFRXV SURSHUWLHV RI WKH ZDOO DQG WKH
RFFXUUHQFH RI WUDQVYHUVH ZDYHV ,W LV QRW LPSUREDEOH WKDW
WKHVH HIIHFWV PD\ EH RI LPSRUWDQFH DQG KHQFH WKH
GHYHORSPHQWRIDWKHRU\WKDWZRXOGWDNHWKHPLQWRDFFRXQW
FRXOGEHRIJUHDWLQWHUHVW
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OLJDWLRQ WR FHOOV RQ XOWUDVRXQG VLJQDO HQKDQFHPHQW
LPSOLFDWLRQV IRU WDUJHWHG LPDJLQJ´ ,QYHVW 5DGLRO
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